Alzheimer's disease is characterised pathologically by the development of numerous argyophilic plaques and neurofibrillary tangles within the brain. Regions of the brain that are particularly severely affected in this disease include important parts of the olfactory system such as the uncus ' and the cortico-medial part of the amygdaloid nucleus.2 We therefore decided to examine more peripheral parts of the olfactory sensory pathway. The olfactory bulbs and anterior olfactory nuclei have not to our knowledge been studied previously in Alzheimer's disease. Neurofibrillary tangles have been described in the olfactory bulbs of several cases of the Parkinsonism-dementia complex of Guam but not in Alzheimer's disease.3 We report here our observations on these structures in patients with Alzheimer's Serial 10 ,u horizontal sections of the olfactory bulb were cut and the first and every following 30th section stained using Cross' modification of the Palmgren stain5 to demonstrate neurofibrillary tangles. A 20 IL section immediately adjacent to each of these was stained with cresyl fast violet. Quantitative studies were made at a magnification of 320 on the anterior olfactory nuclei using a semi-automatic image analyser (Graphic Information Systems). Within the bulb the arrangement of the cells of the anterior olfactory nuclei precluded cell counting in random fields. In each case, therefore, the three fields which were judged by visual inspection to have the greatest cell density within the anterior olfactory nuclei were graded (on a scale of [0] [1] [2] [3] according to the number of neurofibrillary tangles present (0 = absence of tangle formation; 1= minimal; 2 = moderate; 3 = severe). The two highest grades in each case were recorded for analysis. Cresyl fast violet-stained sections were used to perform neuron cell counts on the anterior olfactory nuclei at 320 magnification using a Weibel graticule and a point counting technique on five fields where cell density was judged by visual inspection to be highest. The three highest counts for each case were then used for the analysis. Cells were only counted if they were large (>20 .) and the nucleus contained a prominent nucleolus.
Results
The several layers of the olfactory bulb were readily distinguishable in all three groups of patients studied though some distortion or irregularity of the cell layers was common in all groups. As described by fig 3A, B) . (table) . The difference between the anterior olfactory nuclei cell counts in Alzheimer's disease, and elderly controls, was statistically significant using Student'st test (t = 5-34, df = 28, p < 0.001). Non-specific degenerative features, particularly the presence of numerous corpora amylacea, were evident in the olfactory bulb from elderly controls as well as in those from patients with Alzheimer's disease.
Discussion
The anterior olfactory nuclei has received very little study in humans. It is of some interest to note that animal studies stress the similarity of pyramidal type neurons of the anterior olfactory nuclei to those of the neocortex in terms of their general structure and organisation.' These are the neurons in which neurofibrillary tangles were found in this study and similar neurons in the neocortex are likewise liable to develop neurofibrillary tangles in Alzheimer's disease. Both the anterior olfactory nuclei and neocortex have connections principally with ipsilateral and contralateral cortex. There are also interesting parallels between the anterior olfactory nuclei and the nucleus basalis in Alzheimer's disease, since neurofibrillary tangle formation and cell loss occur in both these nuclei.3 8-10 Large neurons of the nucleus basalis are thought to be cholinergic." 12 On the other hand in the rat large neurons in the anterior olfactory nuclei do not react positively on immunohistological staining with an antibody to choline acetyltransferase, suggesting that they are not cholinergic (MV Sofraniew, personal communication) .
The method of grading the number of neurofibrillary tangles in the nuclei was relatively crude, as are most grading systems relying on visual inspection rather than actual counts. Each case was graded on two separate occasions, without the observer being aware of the diagnosis. On both occasions the grades obtained were reasonably consistent, the only differences recorded were: a single field in each of two intellectually normal elderly controls graded 1 rather than 0 on the second assessment, and a single field in one of the Alzheimer's disease cases graded 3 rather than 2. These changes would not have affected the statistical significance of the differences observed.
Neurofibrillary tangles were assessed in the fields with greatest cell density, as we were unable to count neurons in random fields, and it was consi-59 dered possible that the presence of tangles may be associated with death and loss of affected cells, resulting in an underestimate of the severity of tangle formation. It is interesting to note, however, that the fields with the greatest cell density also appeared to be those most severely afflicted by tangle formation.
The demonstration of significant neurofibrillary tangles formation and cell loss in the anterior olfactory nuclei in Alzheimer's 
